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I. INTRODTJCTION 
This r e p o r t  summarizes t h e  w o r k  done by t h e  MRD Divis ion  of General American 
Transpor ta t ion  Corporation on Contract NAS 9-3731 "Lunar Survey Probe Sensor Study". 
A d e t a i l e d  d iscuss ion  of  t h e  scope of t h e  s tudy,  and i t s  f ind ings ,  r e s u l t s ,  and 
recommendations is  presented  i n  a sepa ra t e  document MR 1272-1 F i n a l  Report  dated 
J u l y  1, 1965. 
11. STUDY OBJECTIVE 
The ob jec t ive  of t he  program was t o  determine which parameter measures are 
f e a s i b l e  for use  i n  t h e  assessment of a luna r  sur face  s i t e ' s  a c c e p t a b i l i t y  for a 
s a f e  L E M  landing .  The assessment i s  t o  be  a GO/NO-GO dec is ion .  
The s tudy  included a p a r a l l e l  examination of a d e l i v e r y  system i n  s u f f i c i e n t  
d e t a i l  t o  permit a concept f r eeze .  
Following t h i s  e f f o r t ,  a conceptual design was c a r r i e d  out  and s u f f i c i e n t  
models, mockups, and tests were made t o  demonstrate f e a s i b i l i t y  and a s s e s s  t h e  
degree of c o r r e l a t i o n  of sensor  measurement w i t h  L E M  l and ing  a c t i o n .  
111. €ELATIONSHIP TO OTHER NASA EFFORTS 
This  s tudy  s p e c i f i c a l l y  r e l a t e s  t o  Apollo program planning  e f f o r t s .  The 
p a r t i c u l a r  p lanning  area p e r t a i n s  t o  t h e  requirements f o r ,  and t h e  na tu re  of ,  l u n a r  
reconnaissance missions us ing  probe systems. The probe missions most d i r e c t l y  
r e l a t i n g  t o  t h i s  program would be thcse designed t o  f u r n i s h  i n f o r m t i o n  related t o  
t h e  s e l e c t i o n  of s i t e s  f o r  a manned W M  l anding  on t h e  l u n a r  su r face .  
IV. METHOD OF APPROACH AND PRlNCIPAL ASSGTPTIONS 
A. Mission Model 
The fo l lowing  mission conf igura t ion  has been def ined as t h e  f u n c t i o n a l  








A Lunar Survey Probe (LSP) w i l l  be launched from t h e  Apo lo or, 
~- 
t a l  veh ic l e  
and t r a n s f e r r e d  t o  a landing o r b i t  terminat ing a t  a predetermined l u n a r  su r face  
s i t e .  
hovering a t  a nominal release a l t i t u d e .  The u n i t s  w i l l  then f ree  f a l l  from t h e  
release p o i n t  and come t o  rest on t h e  l u n a r  su r face  a t  t h e i r  i n d i v i d u a l  landing 
p o i n t s .  
They w i l l  each perform a tes t  o f  su r face  load bea r ing  s t r e n g t h  and then r e p o r t  t h e  
a c c e p t a b i l i t y  of t h e  s i t e  t o  t h e  o r b i t i n g  s p a c e c r a f t .  Analysis  of t h e  r e p l y  sample 
w i l l  then be used i n  a s s e s s i n g  t h e  a c c e p t a b i l i t y  of t h e  s i t e  area. 
J u s t  p r i o r  t o  impact, t h e  LSP w i l l  e j e c t  a number of  LSPS u n i t s  while  
This w i l l  be accomplished with a c o n t r o l l e d  amount of h o r i z o n t a l  d i spe r s ion .  
B. P r i n c i p a l  Assumptions 
The b a s i c  assumptions and ground rules l i m i t i n g  and d e f i n i n g  t h e  s t u d y  scope 
and concept configurat ion a r e  t h e  following: 
1. 
2 .  
3. 
4. 
C .  
A E M  landing i s  defined as being safe when none of t h e  f o u r  I X M  landing 
pads pene t r a t e s  more than 1 2  inches i n t o  t h e  l u n a r  su r face  when maximum 
impact v e l o c i t y  i s  10 f p s .  
t h e  dynamic loading pressure of a LEM pad is  12 p s i .  
The b a s i c  measurement technique used s h a l l  r e s u l t  i n  a GO/NO-GO decis ion.  
The r e s u l t a n t  LSPS message is  thus  t o  be  l i m i t e d  t o  t h a t  form. 
The UPS messages a r e  t o  be communicated t o  a s p a c e c r a f t  o r b i t i n g  t h e  
moon a t  a nominal a l t i t u d e  of 80 n a u t i c a l  miles and having an o r b i t  
v e l o c i t y  of 5000 f p s .  
A s  a design goal,  each UPS u n i t  i s  t o  have a weight l i m i t  of 10 pounds 
( e a r t h ) .  
Method of Approach 
Under a dece le ra t ion  l i m i t e d  t o  4 g ( e a r t h ) ,  
The program was separated i n t o  t h e  two broad a r e a s  of  concept eva lua t ion  and 
conceptual design. 
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1. Concept Evaluat ion.  This area eonsiated of a d e t a i l e d  examination of 
t h e  fol lowing : 
1.1 An i n v e s t i g a t i o n  and evaluat ion of measurement techniques was 
aimed a t  f i n d i n g  t h e  phys ica l  parameters which are most u s e f u l  t o  t h e  
def ined  tes t  mission. 
i n v e s t i g a t i o n s  of s o i l  mechanics and dynamic p e n e t r a t i o n  behavior  i n  a 
This e f f o r t  inciuded t h e o r e t i c a l  and experimental  
range of  s o i l  models. The p red ic t ions  der ived from t h e  theory  were 
t e s t e d  experimental ly .  The r e s u l t s  of t h i s  a n a l y s i s  were then used t o  
recommend a p a r t i c u l a r  measilrement technique. 
1.2 An i n v e s t i g a t i o n  and evaluat ion w a s  made of techniques f o r  
communicating a t e s t  r e s u l t  message fro3 t h e  luna r  sur face  t o  an 
o r b i t i n g  spacec ra f t .  The o p t i c a l  and r a d i o  frequency regions of t h e  
electromagnet ic  energy spectrum were bo th  eva lua ted  for t h e i r  c a p a b i l i t i e s  
and l i m i t a t i o n s  i n  c o m n i c a t i n g  t h e  ISPS messages. Ind iv idua l  charac te r -  
i s t i c s  of s p e c i f i c  promising system techniques were evaluated.  The 
r e s u l t s  of t h i s  s tudy  were then employed i n  recommending a s p e c i f i c  
communication system conf igma t ion .  
. 1.3 Various techniques were examined f o r  d e l i v e r i n g  an LSPS u n i t  t o  t he  
l u n a r  su r face  fol lowing e j e c t i o n  and f r e e  fa l l  f r ~ m  t h e  LSP. Both s o f t  
( rocke t  t h r u s t  r e t a r d a t i o n )  and hard (c rushable  shroud and i n f l a t e d  bag) 
impact l i m i t i n g  techniques were eva lua ted  f o r  t h e i r  e f f ec t iveness  and 
compa tab i l i t y - to  t h e  func t iona l  and p h y s i c a l  requirements of t h e  system. 
2. Conceptual Design. The f indings of t h e  eva lua t ion  s tudy  formed input  
requirements t o  a conceptual design i n  which b a s i c  techniques and components 
were descr ibed f o r  implementing an o v e r a l l  system f'unction, s t r u c t u r e ,  3nd 
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A number of demonstration modeis were f a 5 r i c a t e d  t o  prove t h e  
f e a s i b i l i t y  of s m e  of t h e  b a s i c  f a c t i o n  and package r e q u i r +  aments. 
A l so ,  10 dimensional mockups were constructed of t h e  LSPS package i n  
stowed condi t ion.  These are  t o  be ?jsed i n  planning provis ion  i n  t h e  
U P  f o r  payload stowage and j e t t i s o n i n g .  
V. BASIC IlA'I!A GE3lERATED AND SIGXfIFICANT FU3SULTS 
The fo l lowing  is  a sumrnary o f  the r e s u l t s  and recommendations of t h e  eva lua t ion  
s tudy  and concept design. 
A .  Measurement Techniques 
1. Resul t s  
This a r e a  of t h e  s tudy was i n i t i a l l y  d i r ec t ed  toward examining t h e  r e l a t i v e  
merits of d i r e c t  versus  i n d i r e c t  s o i l  measurement parameters.  The r e s u l t s  of t h i s  
examination ind ica t ed  t h e  d e s i r a b i l i t y  of u s ing  d i r e c t  s o i l  measurement parameters.  
I n  p a r t i c u l a r ,  t h e  requirement t o  r e l a t e  any measurement t o  t h e  pene t r a t ion  
behavior  of  a LEX pad l e d  t o  t h e  decis ion t h a t  pene t r a t ion  i n t o  t h e  s o i l  w a s  t h e  
most useful and r e l i a b l e  parameter.  
A v a r i e t y  of i dea l i zed  penetrometer models were considered by s tudying  var ious  
combinations of t h e  b a s l c  v a r i a b l e s  of impact ve loc i ty ,  mass, and r ad ius .  These 
b a s i c  variables and func t iona l  combinations of them were examined wi th  r e spec t  t o  
a n a l y t i c  models of t h e  s o i l  f a i l u r e  mechanism i n  var ious  s o i l  systems. Mathematical 
models of s o i l  failure were examined for those  f u n c t i o n a l  r e l a t i o n s  of t h e  above 
parameters which would a f fo rd  a favorable  s c a l i n g  r e l a t i o n s h i p  from a phys ica l ly  
small penetrometer element t o  the  f d l  s i z e  LEM pad. It was found t h a t  i n  a 
s a t i s f a c t o r i l y  wide range of s o i l  models, t h e  b e s t  penetrometer conf igura t ion  was 
t h e  following: 
The penetrometer should r e t a i n  the  m s s  p e r  u n i t  a r e a  ( a r e a l  dens i ty )  of t h e  
LEM. A l s o ,  t h e  maximum impact ve loc i ty  of t he  LEM should be r e t a ined .  The r e t e n t i o n  
4 
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of a r e a l  d e n s i t y  and v e l o c i t y  au tomat i ca l ly  provides a s imulat ion of  k i n e t i c  energy 
and momentum p e r  u n i t  a r e a .  It was f u r t h e r  found t h a t  reducing t h e  diameter of t h e  
shank of t h e  pene t r a to r  element from t h a t  of t h e  base improved t h e  range of penetro- 
meter base diameter over which a s i m p l e  s c a l i n g  r e l a t i o n  would hold i n  granular  
material. 
It was found, bo th  by a n a l y t i c  p red ic t ion  and experiment, t h a t  a small 
p e n e t r a t o r  element could r e l i a b l y  p r e d i c t  t h e  pene t r a t ion  th re sho ld  of t h e  f u l l  s i z e  
LEM pad wi th  a high degree of confidence. Tests  were made w i t h  a series of  penetro- 
meters i n  f l y  ash,  r e p r e s e n t i n g  a granular  medium, and Styrofoam, r ep resen t ing  a 
crushable  medium. 
and a l l  possessed t h e  same a r e a l  d e n s i t y  of 0.039 s l u g s / i n  . These r e s u l t s  showed 
an almost u n i t y  s c a l i n g  f a c t o r  f o r  the penetrometer down t o  approximately one-inch 
diameter.  
d e n s i t y  and t o  include a f u l l  scale r ep resen ta t ion  of a LEM pad. 
were used having diameters a t  t h e  base of 1/8 inch,  3/4 inch,  2-1/2 inch, 6 inches,  
and 1 meter cr 39.4 inches. 
Their  e a r t h  weights ranged from 0.036 lbs .  t o  approximately 3600 l b s .  f o r  t h e  f u l l  
s i z e d  LEM model. 
t e s t  r e s u l t s  showed a simple s c a l i n g  r e l a t i o n s h i p  between a small penetrometer and 
t h e  l a r g e s t .  
The penetrometers ranged from 1/8 inch t o  s i x  inches i n  diameter 
2 
These tests were subsequently extended t o  d u p l i c a t e  t h e  LEM pad areal 
Five penetrometers 
All had an areal  d e n s i t y  o f  0.093 s l u g s  pe r  square inch .  
S o i l  models used were sand, f l y  a sh ,  and Styrofoam. Again t h e  
An i d e a l i z e d  r ep resen ta t ion  of t h e  t es t  r e s u l t s  are shown i n  Figure 1. 
2. Recommendations 
From t h e  r e s u l t s  of t h e  s tudy it w a s  recornended t h a t  t h e  measurement 
parameter be p e n e t r a t i o n  obtained b y  p rope l l ing  a penetroineter element t o  impact t h e  
l u n a r  s u r f a c e  a t  10 ft.  p e r  second. 
0.75 inches which corresponds to a weight of 1.3 lbs .  ( e a r t h )  f o r  t h e  normal L;EM 
areal  d e n s i t y  of 0.093 s l u g s  p e r  square inch.  
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It i s  f u r t h e r  recommended t h a t  t h e  GO/RO-GO c r i t e r i a  be based on d e t e c t i n g  
a p e n e t r a t i o n  th re sho ld  o f 1 0  inches for t h e  recommended penetrometer t o  provide a 
high degree of r e l i a b i l i t y  on the decis ion over a wide  range of s o i l  c h a r a c t e r i s t i c s .  
B. Communications Techniques 
1. Resu l t s  
An eva lua t ion  of  communications i n  t h e  o p t i c a l  region versus t h e  r ad io -  
frequency region r e s u l t e d  i n  t h e  f i n d i n g  t h a t  r-f techniques were t o  be p r e f e r r e d  
due t o  t h e  l a r g e  noise  background energy i n  the  o p t i c a l  r eg ion  i n  l u n a r  day 
cond i t ions .  
An examination of  wave l e n g t h  f a c t o r s  showed t h a t  antenna dimensions and 
t r a n s m i t t e r  power requirements i n  the  VHF region o f fe red  advantages over t h e  KF and 
UHF regions.  
band amplitude modulation w a s  t h e  s implest  modulation approach. 
Since t h e  information i s  a s i m p l e  two state message, continuous tones r ep re -  
Fur the r  examination of system conf igu ra t ions  showed t h a t  double s i d e  
s e n t i n g  t h e  GO and NO-GO messages were found t o  be a d e s i r a b l e  format. 
a l s o  found t h a t  channel i d e n t i f i c a t i o n  b y  assignment of c a r r i e r  frequency i s  
f e a s i b l e  f o r  t h e  system concept. 
It w a s  
2. Recommendations 
The recommended communication technique i s  as fol lows:  
It i s  recommended t h a t  the LSPS communication system operate  i n  t h e  r a d i o  
frequency region.  Each group of  sensor c a r r i e r  f requencies  should be loca ted  i n  t h e  
r eg ion  near  300 megacycles p e r  second frequency. 
Double s i d e  band amplitude modulation should be used and t h e  message format 
s h a l l  c o n s i s t  of two unique tones assigned t h e  message values  of GO and NO-GO 
r e s p e c t i v e l y .  
It i s  f u r t h e r  recommended t h a t  t h e  t r a n s m i t t e r  be operated c y c l i c a l l y  i n  a 10 
p e r c e n t  duty cycle c o n s i s t i n g  of one second on and nine seconds o f f  t o  provide an 
o p e r a t i n g  l i f e  of approximately t e n  hours. 
C. Del ivery System 
1. Results 
A s tudy  of va r ious  impact l i m i t i n g  techniques i n d i c a t e d  t h a t  an i n f l a t e d  
bag  w i t h  an e s s e n t i a l l y  i n e x t e n s i b l e  s k i n  w a s  t h e  most compatible technique f o r  use 
i n  our system configurat ion.  
energy during compression of  t h e  gas volume while  o f f e r i n g  a low p res su re  dynamic 
c o n t a c t  w i th  t h e  s o i l ,  t hus  minimizing d i s tu rbance  of t h e  l u n a r  su r face .  The i n f l a t e d  
bag a l s o  offered, by choosing t h e  proper envelope shape, t h e  des i r ed  features of 
c o n t r o l l e d  o r i e n t a t i o n  and pos i t i on ing  of  t h e  penetrometer element, t h e  establ ishment  
of  a measurement datum re fe rence  plane,  and such necessary a u x i l i a r y  func t ions  as 
e r e c t i o n  of communication antennae. 
The method was found t o  be capable of s t o r i n g  impact 
An examination of t h e  p o s t  impact dynamics of  such a package show t h a t  
rebound motion r e s u l t s  i n  a requirement f o r  an allowance of t i m e  t o  se t t le  a f t e r  
impact. It i s  p red ic t ed  t h a t  t h i s  time can be held t o  less than t h e  three minutes 
allowed when communicating i n  t h e  f i r s t  o r b i t  pass.  
2. Recommendations 
It is recommended t h a t  t h e  d e l i v e r y  system be based on t h e  use of a n  
i n f l a t e d  bag. The bag w i l l  be a t o r u s  i n  o r d e r  t o  provide a stable o r i e n t a t i o n  
on coming t o  res t  and t h e  r e q u i r e d  c l e a r  f i e l d  of vlew of  t h e  l u n a r  surface f o r  
t h e  penetrometer element. 
should be designed t o  operate  b i symne t r i ca l ly  and t o  be provided wi th  g r a v i t y  
senso r s  t o  provide i n i t i a l  information on des i r ed  d i r e c t i o n  of operat ion,  i . e .  
downward toward t h e  su r face .  
The operat ing components of t h e  penetrometer system 
a 
.- e@ 
A s  a r e s u l t  of t h e  system recommendations t o  da t e ,  t h e  func t ion  sequence of  
t h e  system should be based on a p o s t  impact operat ion of t h e  penetrometer and 
communication systems s t a r t i n g  from a motionless state. Thus t h e  p e n e t r a t i o n  
measurement w i l l  proceed from a con t ro l l ed  i n i t i a l  condi t ion on r e l a t i v e l y  undis- 
turbed l u n a r  su r face  material. 
D. Conceptual Design 
The mechanical arrangement of a recommended system i s  shown i n  Figure 2. 
1. Bag, Core and Tank Assemblx 
The recommended bag dimensions are a major diameter of 75 inches,  a 
minor diameter of 36 inches,  and a c y l i n d r i c a l  i n n e r  core  diameter of 3 inches.  
The bag has a gas volume of approximately 72 cubic f e e t  and it i s  recommended 
t h a t  it be f i l l e d  with helium gas t o  an i n i t i a l  p re s su re  of  1.28 p s i .  
p r e s s u r e  on impact w i l l  be 2.51 p s i .  The gas r equ i r ed  t o  provide t h e s e  condi t ions 
w i l l  have a weight of  approximately 0.065 pounds e a r t h .  
The peak 
The core experiences t h e  highest  stress loads and w i l l  be made of laminated 
epoxy f i b e r g l a s s .  The bag material w i l l  be i n t e g r a l l y  bonded t o  t h i s  core  and 
w i l l  be of multiple p l y  cons t ruc t ion  t ape r ing  t o  s i n g l e  p l y .  
I n f l a t a n t  gas w i l l  be s t o r e d  i n  a tank wound h e l i c a l l y  about t h e  core e x t e r i o r  
and thus  be i n s i d e  t h e  bag. A l s o  shown are t h r e e  elastomer s k i n  secondary ba l loons  
which are p a r t i a l l y  i n f l a t e d  a t  t h e  t i m e  of bag  e r e c t i o n  and provide emergency 
means t o  maintain full extension of  t h e  bag s k i n  a g a i n s t  l o s s  of i n t e g r i t y  of t h e  
main bag after impact. 
2.  PeEe trome t e r  Assembly 
A high d e n s i t y  penetrometer rod  w i l l  be made us ing  tungsten and providing 
f o r  t h e  i n s e r t i o n  of two c y l i n d r i c  permanent magnets n e a r  t h e  end of  t h e  rod. 
penetrometer rod is provided wi th  two end caps. 
i n i t i a t e d  de tona t ing  u n i t  used f o r  p rope l l ing  t h e  rod w i t h  a known v e l o c i t y .  The 
endcaps are assembled t o  t h e  penetrometer rod wi th  shear  p i n s  having a c a l i b r a t e d  
s t r e n g t h .  I n  use,  t h e  proper  penetrometer zap (up )  w i l l  be chosen by  a gravity 
switch and detonated by an e lectr ical  signal. The r e s u l t a n t  detonat ion w i l l  b u i l d  
up gas pressure wi th in  t h e  c a r t r i d g e  p i s t o n  chamber u n t i l  t h e  shea r  s t r e n g t h  o f  
t h e  p i n  i s  exceeded thus  providing a uniform i n i t i a l  propuls ion f o r c e  by "shot  start" 
ac t ion .  The separated c a r t r i d g e  cap w i l l  be e j e c t e d  upward wi th  a high v e l o c i t y  
and i t s  mass r e a c t i o n  w i l l  be proportioned t o  that of t h e  p e n e t r a t o r  s l u g  t o  r e s u l t  
i n  t h e  predetermined impact v e l o c i t y .  The u n f i r e d  endcap remains on t h e  penetro- 
meter as a p e n e t r a t i n g  foo t  of t h e  desired diameter.  
The 
Each contains  an e l e c t r i c a l l y  
Sensor r i n g s  a r e  a l s o  included as p a r t  of t h e  penetrometer assembly and one 
of t h e s e  (down) w i l l  be r e l e a s e d  p r i o r  to f i r i n g  t h e  p e n e t r a t o r  element. 






















of t h e  magnets i n  the penetrometer rod .  A l o g i c  c i r c u i t  determines whether one or 
b o t h  ends of t h e  penetrometer element passed through t h e  senso r  r i n g .  If t h e  test  
s i t u a t i o n  is  defined as GO, t h e  rod w i l l  p e n e t r a t e  less than i t s  t e n  i n c h * -  
s e p a r a t i o n  between magnets. If t h e  penetrometer e n t e r s  t h e  s i n f a c e  more than t h e  
t e n  inch  s e p a r a t i o n  between i t s  t w o  magnets, t h e  sensor  r i n g  w i l l  have been 
a c t u a t e d  a second t i m e  and t h i s  w i l l  be i n t e r p r e t e d  b y  l o g i c  c i r c u i t s  as a NO-GO 
s i t u a t i o n .  
It shouldbe  noted that t h e  rod propuls ion p r i n c i p l e  is e s s e n t i a l l y  r e c o i l l e s s  
with r e s p e c t  t o  t h e  bag and core assembly. 
t h e  s t r u c t u r e  t o  which t h e  sensor r i n g  i s  a t t ached .  
Thus rod propuls ion does n o t  disturb 
3. Control  System 
A. c o n t r o l  system i s  provided which i n i t i a t e s  a l l  r equ i r ed  a c t i o n s  fol low- 
i n g  j e t t i s o n i n g  of t h e  stowed LSPS sys tem from t h e  LSP u n t i l  t h e  f i n a l  t e s t i n g  
func t ion  and subsequent message transmission t o  t h e  CSM. It includes provis ion f o r  
s ens ing  c e s s a t i o n  of motion. 
4. Communication System 
Figure 3 shows a s implif ied b lock  diagram of t h e  t r a n s m i t t e r  systems 
r e p r e s e n t i n g  a group of LSPS u n i t s  and t h e  a s s o c i a t e d  r e c e i v e r  capable of i d e n t i -  
fy ing  t h e  i n d i v i d u a l  r e p l i e s  and i n t e r p r e t i n g  t h e i r  message. 
5. Operating Sequence 
The system descr ibed above i s  intended t o  operate  as follows: The 
stowed LSPS system i n  i t s  folded s t a t e  and stowing container  i s  j e t t i s o n e d  from 
t h e  LSP . 
Separa t ion  of t h e  LSPS frcm the LSP removes a ianyard p i n  which opens and 
j e t t i s o n s  t h e  p r o t e c t i v e  shroud around t h e  folded bag and stowed system and 
i n i t i a t i n g  t h e  bag i n f l a t i o n  process .  
I n  t h e  t i m e  of free fa l l ,  the impact l i m i t i n g  bag and t h e  secondary ba l loons  
are i n f l a t e d  p repa ra to ry  t o  impact with t h e  l u n a r  su r face .  
On impact w i t h  t h e  l u n a r  surface,  t h e  i n f l a t e d  system d i s s i p a t e s  t h e  impact 
energy b y  d i s t o r t i o n  of  t h e  bag and impact surface and b y  subsequent r o l l i n g  and 
s l i d i n g  f r i c t i o n  a c t i o n s .  
On coming t o  res t  i n  a p re fe r r ed  o r i e n t a t i o n ,  t h e  a c t u a l  t e s t  func t ion  i s  
i n i t i a t e d  on command of the  motion sensor system. 
The senso r  r i n g  n e a r e s t  t h e  lunar su r face  is  dropped t o  t h e  s u r f a c e .  The 
upper penetrometer propuls ion cap is  detonated d r i v i n g  t h e  penetrometer element 
down through t h e  sensor  r i n g  i n t o  the l u n a r  su r face .  
The th re sho ld  condi t ion of pene t r a t ion  i s  segsed and a GO o r  NO-GO dec i s ion  
















I The r e s u l t a n t  dec is ion  i s  then  c o m p i c a t e d  by  r a d i o  t o  t h e  o r b i t i n g  cmmand 
s e r v i c e  module before  it passes  over the  v i s u a l  horizon. I 
The t r a n s m i t t e r  cont inues t o  operate on t h e  prescr ibed  i n t e r m i t t e n t  duty 
cycle  for approximately t e n  hours or f i v e  o r b i t  perfods subsequent t o  t h e  first 
t ransmiss ion .  
The e n t i r e  sample of r e p l i e s  from t h e  group of  landed LSPS systems i s  
displayed t o  t h e  commandiservice module crew and a dec is ion  formed regard ing  t h e  
s a f e t y  of t h e  tested su r face  s i t e .  
I 
F. Recornended System Concept Spec i f i ca t ions  
1. S ize  
a. Stowed 
The stowed system w i l l  be wi th in  a conta iner  approximately s i x  
inches i n  diameter and 12 inches i n  length w i t h  t he  o v e r a l l  system, inc luding  
con ta ine r ,  weighing approximately ten  e a r t h  pounds. 
b . System Dimensions - Deployed 
The i n f l a t e d  bag w i l l  be approximately 75 inches on i t s  major 
diameter and 36 inches on i t s  minor diameter. 
w i l l  be approximately 9-pounds ea r th .  
The impact weight of t h e  system 
2. Communication System 
Each LSPS t r a n s m i t t e r  w i l l  have a c a r r i e r  frequency i n  t h e  v i c i n i t y  of 
300 megacycles p e r  second and  w i l l  provide a radiated modulated RF power of approx- 
imate ly  1 w a t t .  
The e n t i r e  LSPS e l e c t r i c a l  system w i l l  consme approximately 4 watts c f  power 
wi th  t h e  t r a n s m i t t e r  running and w i l l  be provided wi th  s u f f i c i e n t  b a t t e r y  capac i ty  
f o r  one hour of continuous or t e n  hours of i n t e r m i t t e n t  t ransmission.  
Communication range of  t h e  system w i l l  be t o  t h e  v i s u a l  horizon or approx- 
imate ly  460 s t a t u t e  m i l e s  wi th  an operat ing s i g n a l  t o  no i se  r a t i o  of 10 dec ibe ls .  
$ 3. Penetrometer 
The penetrometer element proper w i l l  have a base diameter of 0.75 inches;  
an o v e r a l l  l eng th  of approximately 12 inches;  and a wefght of  approximately 1.3 
pounds e a r t h .  
diameter.  
The shank of t h e  penetrometer w i l l  b e  approximately 5/8 inch 
A pene t r a t ion  of l o i n c h e s  of the pene t r a t ing  element w i l l  be used as the  
c r i t e r i a  for s a f e  L;EM pene t r a t ion  threshold.  
G. Models and Mockups 
1. Bag Model 
Shown i n  Figure ha i s  a f u l l  s i z e  model of t h e  i n f l a t a b l e  bag and i t s  
con ta ine r  t o  demonstrate t h e  s i z e ,  the i n f l a t i o n  c h a r a c t e r i s t i c s ,  and s t o w a b i l i t y  
of t h e  recommended design. 
2. Function Test Model 
Figure 4b shows a model made t o  demonstrate t h e  f e a s i b i l i t y  of t h e  
recommended penetrometer slug propulsion and sensing concept. 
shown con ta ins  a penetrometer r o d  and a s i n g l e  propulsion cap. 
The s u p e r s t r u c t u r e  
A f u l l y  operable 
senso r  r i n g  i s  a l s o  mounted i n  a deployment mechanism. 
included t o  show t h e  GO/NO-GO a c t i o n .  
A l o g i c  breadboard i s  
3. Assembly Mockup 
Figure 4c shows a dummy assembly i l l u s t r a t i n g  t h e  major components 
making up t h e  core assembly of t he  LSPS. I ts  body r e p r e s e n t s  t h e  s t r o n g  laminated 
core of t h e  ba l loon  surrounded by t h e  h e l i c a l  tank and occupied i n t e r n a l l y  with t h e  
penetrometer assembly, e l e c t r o n i c  modules and b a t t e r i e s .  
4. Motion Sensor 
To demonstrate t h e  p r a c t i c a l i t y  of t h e  motion sensing func t ion  a u n i t  
was constructed and operated performing a motion ces sa t ion  dec i s ion  based on 
d e t e c t i n g  no a c c e l e r a t i o n s  during a 30 second i n t e r v a l  coupled w i t h  a p r e f e r r e d  
o r i e n t a t i o n  re la t ive t o  t h e  l o c a l  v e r t i c a l .  
5.  Dimensional Mockups 
Ten cy l inde r s  were constructed t o  t h e  recommended dimension of  s i x  
inches diameter and 12 inches l eng th  and were marked wi th  major ope ra t ing  f e a t u r e s  
of t h e  stowed system. These u n i t s  were fu rn i shed  t o  a i d  i n  s tudying mockups of 
























VI. STUDY LIMITATIONS 
The p r e d i c t i o n  of confidence l e v e l  of s c a l i n g  r e l a t i o n  between a small 
penetrometer element and t h e  LEM pad is  l i m i t e d  by l a c k  of d e t a i l e d  knowledge of  
t h e  na tu re  of t h e  l u n a r  su r face  material. S o i l  models are poss ib l e ,  even though 
t h e i r  occurrence i s  f e l t  t o  be un l ike ly ,  which would degrade t h e  r e l i a b i l i t y  of 
s c a l i n g  i n  t h e  recommended measurement conf igu ra t ion ,  
would be s o i l  containing rubble  of the proper s i z e  where it would have l i t t l e  
e f f e c t  on t h e  l a r g e  mM pad b u t  r e l a t i v e l y  i a r g e  e f f e c t  on a p e n e t r a t i n g  element. 
An example of t h i s  s i t u a t i o n  
The l i k e l i h o o d  of such a s i t u a t i o n  a r i s i n g  i s  e s s e n t l a l l y  a problem i n  t h e  
s t a t i s t i c a l  d i s t r i b u t i o n  expected of such fo re ign  ob jec t s  i n  luna r  material. 
use of a number of  LSPS u n i t s  obviously mi t iga t e s  t h e  undesirable  e f f e c t s  poss ib l e  
The 
i n  such a s i t u a t i o n .  The s t a t i s t i c a l  v a r i a t i o n  of r e p l i e s  i n  i t s e l f  would 
i n d i c a t e  t h a t  t h i s  was the s i t u a t i o n .  
Without t h e  a v a i l a b i l i t y  of l a r g e  vacuum t e s t i n g  f a c i l i t i e s  it i s  d i f f i c u l t  
t o  p r e d i c t  t h e  dynamic c h a r a c t e r i s t i c s  of impact of t h e  recommended i n f l a t e d  bag  
as w e l l  as i t s  r e s i s t a n c e  to damage by p e n e t r a t l n g  or abras ive  a c t i o n s  fol lowing 
impact. A number of approaches and materials have been f o m d  t o  be a v a i l a b l e  t o  
m i t i g a t e  such e f f e c t s  i f  t hey  prove t o  be necessary.  
Beyond t h e s e  l i m i t a t i o n s  however, it i s  f e l t  t h a t  t h e  s tudy went s u f f i c i e n t l y  
far  t o  demonstrate t h e  degree of  r e l i a b i l i t y  of t h e  recommended measurement a c t i o n  
w i t h  r ega rd  t o  i t s  c o r r e l a t i o n  t o  t h e  a c t i o n  of I E M  landing pad. 
t h a t  t h e  conceptual design was performed i n  s u f f i c i e n t  d e t a i l  t oge the r  w i th  t h e  
models descr ibed t o  demonstrate t h e  f e a s i b i l i t y  and p r a c t i c a l i t y  of t h e  o v e r a l l  
It i s  a l s o  f e l t  
system configurat ion 
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VII: .  IMPLICATIONS FOR RESEARCH 
The major a r e a s  r e q u i r i n g  f u r t h e r  i l l umina t ion  by a n a l y s i s  and p a r t i c u l a r l y  
b y  experiment, were t h e  following: 
There is a need f o r  determining more a c c u r a t e l y  t h e  a c t u a l  c o e f f i c i e n t  of 
r e s t i t u t i o n  and dynamic a c t i o n  of t h e  i n f l a t e d  bag immediately fo l lowing  impact. 
A set of experiments should be performed wi th in  a vacuum f a c i l i t y  r e a l i s t i c a l l y  
r e p r e s e n t i n g  t h e  dynamic fo rces  and environment i n  which the  motion would take  
p l ace .  The r e s u l t s  of p rope r ly  designed experiments i n  t h i s  a r e a  would then 
i n d i c a t e  whether or not  t he  system has s u f f i c i e n t l y  s h o r t  s e t t l i n g  t ime as p r e s e n t l y  
recommended, or whether some known techniques must be app l i ed  t o  d e l i b e r a t e l y  
sho r t en  t h e  s e t t l i n g  time of t h e  system. 
The l i k e l y  r e s i s t a n c e  t o  abrasion and performance, a l though seemingly q u i t e  
promising f o r  t h e  ma te r i a l s  s e l e c t e d ,  should be more thoroughly known by experiment. 
These experiments could be combined w i t h  t he  motion tests recommended above. 
Resu l t s  of such tests w i l l  be  h e l p f u l  i n  i n d i c a t i n g  whether or n o t  a d d i t i o n a l  
abras ion  r e s i s t a n c e  should be incorporated wi th  t h e  s e l e c t e d  m a t e r i a l s  and of 
course r e s u l t i n g  i n  accompanying weight p e n a l t i e s .  
V I I I .  SUGGESED ADDITIONAL EFFORT 
The r e s u l t s  of t h e  LSPS system have demonstrated t h a t  t h e r e  i s  a f e a s i b l e  
measurement technique f o r  performing a GO/NO-GO assessment of  t h e  a c c e p t a b i l i t y  
of  a s i t e  f o r  LEM landing.  The s tudy has a l s o  e s t a b l i s h e d  a f e a s i b l e  system concept 
f o r  d e l i v e r i n g  t h i s  system t o  t h e  lunar  su r face  and performing s a i d  measurements. 
Thus it i s  f e l t  that s u f f i c i e n t  information and conceptual  desc r ip t ion  
e x i s t s  t o  a l low i n i t i a t i o n  of a prototype design.  This pro to type  design would 
encompass t h e  fo l lowing  a reas .  
4 
1. Delivery System 
A bag and core design capable of wi ths tanding  a p red ic t ed  impact st, Pess 
should be designed and t e s t e d  toge ther  wi th  t h e  i n f l a t a n t  t ank  and va lv ing  pro-  
v i s i o n s  r equ i r ed  f o r  full opera t ion .  I n f l a t i o n  and impact t e s t s  should be made 
i n  a vacuum t o  v e r i f y  t h e  b a s i c  des ign .  
2. C o m n i c a t i o n  System 
The t r a n s m i t t e r ,  l og ic ,  modulator, and power c o n t r o l  c i r c u i t s  should be 
breadboarded t o  e s t a b l i s h  t h e  a c t u a l  power e f f i c i e n c y  of t h e  t r a n s m i t t e r  and i t s  
power requirements.  A r e c e i v e r  should be  breadboarded to v e r i f y  s p e c i f i c a t i o n s  on 
f i l t e r  s e l e c t i v i t y  and s t a b i l i t y  designs.  Actual  co rnmica t ion  range t e s t s  should 
be performed. 
3. Penetrometer System 
Penetrometer element design toge ther  wi th  the  requi red  magnets and propuls ion  
caps should be constructed,  f ab r i ca t ed ,  and t es t  f i r e d  t o  establish confidence 
l e v e l s  i n  t h e  v e l o c i t y  d ispers ion  of t h e  propuls ion system. Included i n  these  
tests should be operat ion of t h e  a c t u a l  senser  r i n g s  and l o g i c  c i r c u i t s .  
4. Control  System 
A breadboard of t h e  c o n t r o l  system and t h e  r equ i r ed  c a r t r i d g e  a c t u a t i n g  
elements,  arming provis ions ,  and necessary time delays should be cons t ruc ted  
and t e s t e d  of components similar t o  those acceptab le  i n  a f l y a b l e  model. The 
breadboard should then be t e s t e d  f o r  f u n c t i o n a l  i n t e g r i t y  and r e l i a b i l i t y  of 
opera t ion .  
5. Packaging asd System In teg ra t ion  
Packing conf igura t ion ,  shroud design, and s b u i a t e d  j e t t i s o n  deployment 
and i n f l a t i o n  should be designed i n  d e t a i l  and experimental ly  v e r i f i e d .  
f u n c t i o n a l  and phys ica l  i n t e r f a c e s  w i t h  t h e  LSP veh ic l e  should be i d e n t i f i e d  and 
incorpora ted  i n t o  t h e  ISPS design. 
All 
6. System T e s t s  
Tes ts  should be performed of  e n t i r e  system opera t ion  i n  a vacuum environment 
t o  demonstrate t h e  f u n c t i o n a l  a c c e p t a b i l i t y  of t he  design concept. 
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